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WHAT IS CLAIMED I 




t -r-r 



A method of forming a vertical structure on a substrate, comprising the steps bf: - . 



removing a portion of the insulative layer tc 
epitaxial layer; 

selectively growing a second epitaxial layer 
exposed surface of the first epitaxial layer; and 

forming a layer of an insulative material ovjer the second epitaxial layer. 



2. The method of Claim 1, further comprising 



selectively growing a first epitaxial layer of monocrystalline silicon off the . substrate; 
forming a layer of an insulative material over the first epitaxial layer; ^°U0 



expose only a top surface of the first 
of monocrystalline silicon on the 



repeating the steps of removing a portion 



of the insulative layer, growing an epitaxial layer, and forming the insulative layer, until the 



vertical structure reaches a desired height; each of tie epitaxial layers having insulated 
sidewalls, and an uppermost epitaxial layer of the vertical structure having insulated 
sidewalls and an insulated top surface. 

3. The method of Claim 1, wherein the silicon ^ubstrate comprises monocrystalline 
silicon. 

4. The method of Claim 1, wherein the silicon substrate comprises monocrystalline 
silicon having a (100) plane orientation. 

5. The method of Claim 1, wherein at least one epitaxial layer is grown until a facet 
having a plane orientation of (100), (1 10), or (1 1 1) is formed on the top surface of the layer. 



6. The method of Claim 1, wherein the epitaxial layers are grown until a facet having a 
plane orientation of (100) is formed on the top surface of the layers. 
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7. The method of Claim 1 , wherein each epitaxial layer has a thickness of up to about 
200 nm. 



8. The method of Claim 1 , wherein one or more 
about 70 to about 100 nm. 



9. The method of Claim 1 , wherein the steps o 
comprise introducing a silicon-comprising gas over 



epitaxial layers has a thickness of 



selectively growing the epitaxial layers 
the substrate. 

selectively growing the epitaxial layers 



10. The method of Claim 9, wherein the steps o : 
comprise: 

heating the substrate to about 450°C to aboujt 950°C; and 

flowing at least one silicon-comprising precursor gas over the substrate at a rate of 
about 10 to about 500 ccm ? for about 15 to about 30 seconds. 

1 1 . The method of Claim 10, wherein the silicori-comprising gas is flowed over the 
substrate at a rate and pressure to provide a growth r*ate of the epitaxial layer at about 20 to 
about 40 nm/minute. 



12. The method of Claim 1 1 , wherein the pressure is about 1 to about 20 Torr. 

13. The method of Claim 10, wherein the silicon-comprising gas is flowed over the 
substrate at a rate and pressure to provide a growth rate of the epitaxial layer at less than 
about 10 nm/minute. 1 

14. The method of Claim 13, wherein the pressure islabout 0.02 to less than about 
1 Torr. \ 
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15. The method of Claim 13, wherein the pressure is about 0.02 to less than about 1 Torr 
to provide a growth rate of the epitaxial layer at about 0.3 to less than about 10 nm/minute. 



16. The method of Claim 9, wherein the si 



icon-comprising gas is selected from the 



group consisting of silane combined with chlorine, disilane combined with chlorine, disilane 
combined with hydrochloric acid, dichlorosilane, silicon tetrachloride, and combinations 



thereof. 



17. The method of Claim 9, wherein at 
epitaxial layer comprises introducing the silic 
enhancing dopant. 

1 8. The method of Claim 1 7, wherein the 
dopant. 

19. The method of Claim 18, wherein the 



least one of the steps of selectively growing the 
on-comprising gas with a conductivity 



conductivity enhancing dopant is a p-type 



conductivity enhancing dopant is a p-type 



dopant selected from the group consisting of piborane, boron trichloride, boron trifluoride, 
and combinations thereof. 

20. The method of Claim 17, wherein the conductivity enhancing dopant is an n-type 
dopant. 



21 . The method of Claim 20, wherein the conductivity enhancing dopant is an n-type 
dopant selected from the group consisting of pllosphine, arsine, and combinations thereof. 



22. The method of Claim 17, wherein the conductivity enhancing dopant is introduced at 
a variable rate to provide a concentration gradient of the dopant within the epitaxial layer. 
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23. The method of Claim 22, wherein the conductivity enhancing dopant is introduced at 
an increasing rate to provide a low to high concentraticjn of the dopant within the epitaxial 
layer. 

24. The method of Claim 2 5 further comprising doping the uppermost epitaxial layer by 
ion implantation. 



25. The method of Claim 24 ? wherein the epitaxial layer is doped using a 



sisting of PF 3 , PF 5? AsF 5 , and B n F 3 . 



fluorine-comprising gas selected from the group con 



26. The method of Claim 17, wherein the vertical structure is a source or drain having a 
height of at least about 10 to about 30 nm. 

27. The method of Claim 1 , further comprising, prior to the step of selectively growing 
the first epitaxial film, at least partially removing an oxide layer from the substrate. 

28. The method of Claim 27, wherein the step of removing the oxide layer is by an oxide 
dry etch. 



29. The method of Claim 28, wherein the oxide 



dry etch comprises exposing the 



substrate to an H 2 gas at about 800°C. to about 850°C 

30. The method of Claim 28, wherein the oxide [dry etch comprises exposing the 
substrate to a reactive plasma at about 100°C. 

3 1 . The method of Claim 27, wherein the step o^ removing the oxide layer is by applying 
an oxide cleaning solution to the substrate. 
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32. The method of Claim 1, wherein the insulative layer comprises oxide, nitride, 
oxidized nitride, or a composite oxide/nitride. 

33. The method of Claim 1, wherein the insulative layer comprises silicon nitride. 

34. The method of Claim 33, wherein the insulative layer has a thickness of about 5 to 
about 20 nm. j 

! 
J 

35. The method of Claim 1, wherein the insulative layer comprises silicon oxide. 

i< 

36. The method of Claim 35, wherein the insulative layer has a thickness of about 2 to 
about 5 nm. \ 



37. The method of Claim 1, wherein at least one of the steps of forming the insulative 
layer is by annealing. 

38. The method of Claim 37, wherein the annealing is by rapid thermal nitridation to 
form a nitride insulative layer. 

39. The method of Claim 38, wherein the annealing by rapid thermal nitridation 
comprises exposing the epitaxial layer to ammcjnia or nitrogen gas at a pressure of about 100 
to about 200 Torr and temperature of about 800°C. to about 1200°C. 



40. The method of Claim 37, wherein the annealing is by rapid thermal oxidation to form 
an oxide insulative layer. 

\ 

4\ The method of Claim 40, wherein the of annealing by rapid thermal oxidation 
comprises exposing the epitaxial layer to a dry oxygen gas at a pressure of about 100 to 
abou^OO Torr and temperature of about 800°C. ti about 1200°C. 
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42. The method of Claim 1, wherein at least oik of the steps of removing the insulative 
layer is by reactive ion etching. ; 

43. The method of Claim 42, wherein the reactive ion etching comprises exposing the 
insulative layer to an etch gas in an ionized state, tile etch gas comprising at least one 
fluorine-containing gas. 



44. The method of Claim 1, wherein the vertical structure is formed adjacent to an 
existing gate or word line on the substrate. 



45. The method of Claim 44, wherein the existing gate or word line is electrically 
isolated. 



46. 



method of forming a raised structure on 



a substrate, comprising the step of: 



ling an epitaxial layer of monocrystalline silicon on the substrate; 

I 

fo™ing a layer of insulative material over jthe epitaxial layer; 

removing a portion of the insulative layer to leave only an exposed top surface of the 
epitaxial 1e 

formin^^iother epitaxial layer of monocrystalline silicon on the epitaxial layer; and 
repeating\he steps of forming the insulative layer, removing a portion of the 

insulative layer, a™ growing an epitaxial layer, uniil the vertical structure reaches a desired 

\ 1 

height, with the uppermost epitaxial layer having an insulated top surface. 



47. A method of forming a vertical structure on a substrate, comprising forming multiple 
overlying epitaxial layers\aving insulated sidewallstand a top surface. 
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48. A method of forming a vertical structure on a substrate, comprising the steps of: 
depositing a first epitaxial layer on the substrate, the first epitaxial layer comprising a 

horizontally orUnted surface defining a facet; j 

forminjaa layer of an insulative material over the first epitaxial layer; 
removing a portion of the insulative layer tojexpose the horizontal surface of the 
epitaxial layer; ■ 1 

depositing^ second epitaxial layer on the exposed surface of the first epitaxial layer; 
the second epitaxieft layer comprising a horizontallyjoriented surface defining a facet; and 
forming a la\er of an insulative material over the second epitaxial layer. 

1: 
I 

\ 

49. The method of Claim 48, further comprising repeating the steps of removing a 
portion of the insulative layer, growing an epitaxial layer, and forming the insulative layer, 
until the vertical structure reaches a desired height, j 



50. A\pethod of controlling growth of an epitaxial film to form a vertical structure on a 

substrate, comprising the steps of: 

providing a substrate having an elevated structure disposed thereon, the elevated 

structure having an overlying insulative layer; 

forming^ first epitaxial layer of monocrystalline silicon on the substrate adjacent to 

the elevated stru^re; | 

forming an\nsulative layer over the first epitaxial layer; 

\ 

removing a Horizontal surface of the insulative layer to expose only a top surface of 
the first epitaxial layefi 

forming a secoi^l epitaxial layer of monocrystalline silicon over the first epitaxial 
layer; and 

repeating the foregoing steps until the vertical structure is at a desired height. 
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51 . The method of Claim 50, wherein the substrate has an overlying oxide layer, and the 



* 



method further comprises prior to the step of depi 



psiting the first epitaxial, layer, removing at 



least a portion of the oxide layer to expose the substrate. 



52. The method of Claim 50, wherein the elevated structure is disposed on an area of 
microcrystalline silicon that is isolated within the substrate by at least one dielectric isolation 

region formed in the substrate adjacent thereto, j 

! 

53. The method of Claim 52, wherein the aJ least one dielectric isolation region is a 

j . 

shallow trench isolation region comprising an oxide. 



54. The method of Claim 50, wherein the vertical structure is a transistor gate 



55. The method of Claim 50, wherein the vertical structure is a source or drain, and at 
least one of the steps of forming the epitaxial layers is performed with a sufficiently high 
conductivity doping to effectively dope the source or drain. 



56. The method of Claim 55, wherein the elevated structure adjacent to the source or 
drain is a transistor gate. 

57. The method of Claim 55, wherein the vertical structure is a source or drain having a 
height of about 10 to about 30 nm. 

58. AVethod of forming an elevated structure on a substrate in a semiconductor 
processingVomprising the steps of: j 

providing a semiconductor substrate comprising monocrystalline silicon; 

\ I 

growing a first epitaxial layer on the substrate until a horizontally-oriented facet is 



formed; 



forming m insulative layer over the first epitaxial layer; 
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removing the insulative layer to expose only a horizontal surface of the first epitaxial 



layer; 

t growing a second epitaxial layer on the first epitaxial layer until a horizontally- 

oriented facet is formed; and 

repea&ng the steps of forming the insulative layer, removing a portion of the 
insulative layej, and growing an epitaxial layer, until the elevated structure is at a desired 
height. 

59. The method of Claim 58, wherein the horizontally-oriented facet of the first and 
second epitaxial layers has a (100) plane orientation. 



60. 

of: 



^method of forming a raised structure on a silicon substrate, comprising the steps 



selectively growing a first epitaxial layer of monocrystalline silicon on the substrate; 
formiog a layer of an insulative material over the first epitaxial layer; and 

selectively growing one or more additional epitaxial layers of monocrystalline 

\ \ 

silicon to form tfije raised structure to a predetermined height, each epitaxial layer having 

insulated sidewallaand a top surface. 



61 . A method of fabricating an epitaxial structure, on a substrate, comprising the steps of: 

\ i 

forming a first efeitaxial layer of monocrystalline silicon on the substrate; 

A \ 

annealing the epitaxial layer to form an insulative film thereover; 

\ I 

etching the insulative film to expose only a horizontal surface of the first epitaxial 

layer; and 

repeating the foregoing steps to form additional overlying epitaxial layers until a 
vertical structure having a de^ed height is reached, the^vertical structure comprising 
multiple epitaxial layers havin&only insulated sidewalls, with an uppermost epitaxial layer 
having insulated sidewalls and m insulated top surface. 
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62. The method of Claim 61 , wherein the step 
heating the substrate and flowing a silicon-comprising 



of forming the epitaxial layer comprises 
gas over the heated substrate. 



63. The method of Claim 62, wherein the substrate is heated to about 450°C to about 

950°C. | 

I 

64. The method of Claim 62, wherein the gas is flowed over the substrate to provide a 
growth rate of the epitaxial layer at about 20 to about 40 nm/minute. 



65. The method of Claim 64, wherein the gas is flowed over the substrate at a flow rate 
of about 10 to about 500 cm, and a pressure of about 1 to about 20 Torr. 

66. The method of Claim 62, wherein the gas is flowed over the substrate to provide a 
growth rate of the epitaxial layer of less than about 10 nm/minute to about 0.3 nm/minute. 



67. The method of Claim 66, wherein the gas is flowed over the substrate at a pressure of 
about 0.02 to less than 1 Torr. ' 

68. The method of Claim 61, wherein the step of annealing is by rapid thermal 
nitridation to form a nitride insulative layer. ' 

69. The method of Claim 61, wherein the step of annealing is by rapid thermal oxidation 
to form an oxide insulative layer. \ 



70. The method of Claim 61, wherein the step ;of etching the insulative layer is by 



reactive ion etching. 



71 . The method of Claim 61 , wherein each epitaxial layer has a thickness of about 50 to 

\ 

about 200 nm. I 
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substrate, comprising the steps of: 
by the steps of: 



72. A method for forming a DRAM *bll on a silicon s 
forming a vertical gate structure on the substrate 1 

forming a first epitaxial layer of monocrystalline silicon on the substrate; 
forming a layer of an insulative material over the first epitaxial layer; 
removing a portion of the insulative layer tp expose only a horizontal surface of 

the first epitaxial layer; and | 
repeating the foregoing steps to form one or more additional overlying epitaxial 
layers until the gate structure is of a desired height, the gate structure 
comprising multiple overlying epitaxfial layers having insulated sidewalls, 

vir 



and an uppermost epitaxial layer ha 
horizontal surface; and 
forming source and drain regions adjacent to 

73. The method of Claim 72, wherein the source 



ing an insulated sidewalls and a 



the gate structure. 

) 

and drain regions are elevated. 



74. The method of Claim 73, wherein the step of forming the source and drain regions 
comprises the steps of: j 

forming while doping, a first epitaxial layer of monocrystalline silicon on the 
substrate adjacent to the gate structure; 

forming a layer of an insulative material over the first epitaxial layer; 

removing a portion of the insulative layer to [expose only a horizontal surface of the 
first epitaxial layer; 1 

repeating the foregoing steps to form one or more additional overlying epitaxial 
layers until the source and drain regions are of a desired height, the source and drain regions 

comprising multiple overlying epitaxial layers having insulated sidewalls, and an uppermost 

\ 

epitaxial layer having insulated sidewalls and an insulated horizontal surface. 
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75. The method of Claim 74, wherein the steps of forming the epitaxial layers comprise 
flowing a silicon-comprising gas and a conductivity enhancing dopant over the substrate. 



76. The method of Claim 75, wherein the conductivity enhancing dopant is flowed at an 
increasing rate over time to provide a low to high concentration of the dopant within the 
epitaxial layer. 



77. The method of Claim 72, wherein the step of forming the source and drain regions 
comprises the steps of: j 

forming a first epitaxial layer of monocrystalline silicon on the substrate adjacent to 
the gate structure; j 

forming a layer of an insulative material over the first epitaxial layer; 

j; 

removing a portion of the insulative layer toj expose only a horizontal surface of the 

r 

first epitaxial layer; j 

repeating the foregoing steps to form multiple overlying epitaxial layers until the 
source and drain regions are of a desired height, the epitaxial layers having insulated 
sidewalls and an uppermost epitaxial layer having an exposed horizontal surface; 

doping the uppermost epitaxial layer with a conductivity enhancing dopant by ion 
implantation; and 

forming a layer of an insulative material oven the uppermost epitaxial layer. 

78. The method of Claim 77, wherein the uppermost epitaxial layer is doped using a 
fluorine-comprising gas selected from the group consisting of PF3, PF 5 , AsF 5 , and B F3. 

79. A itaethod of forming an elevated source or drain structure on a substrate having a 

transistor ga\ disposed thereon, the method comprising the steps of: 

\ * 

selectiwly growing, while doping, a first epitaxial layer of monocrystalline silicon 



\ 



on the substrate adjacent to the transistor gate; 

depositing \layer of an insulative material onto the first epitaxial layer; 
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removing only the horizontal surface of the insulative layer; 



growing additional overlying epitaxial layers a 
the elevated source or drain structure reaches a desire 
insulated sidewalls; 



;cording to the foregoing steps until 
height; each epitaxial layer having 



wherein, \pon growing an uppermost epitaxial layer and depositing the insulative 
\ | 
layer thereon, no removal step is performed such that the uppermost epitaxial layer 

comprises insulatecfcsidewalls and an insulated horizontal surface. 



80. The method of Claim 79, wherein during the steps of selectively growing the 
epitaxial layers, a conductivity enhancing dopant is; deposited at an increasing rate over time 



to provide a low to high concentration of the dopant within the epitaxial layer. 



81 . A method of forming an elevated source or drain structure on a substrate having a 
transistorWte formed thereon, 

sel^tively growing a first epitaxial layer o^monocrystalline silicon on the substrate 
adjacent to tie gate; 

deposing a layer of an insulative material onto the first epitaxial layer; 

A ^ 

removing only the horizontal surface of thejinsulative layer; 

\ 1 

growing additional overlying epitaxial layers according to the foregoing steps until 

the elevated sourre or drain structure reaches a desired height; each epitaxial layer having 

\ I 

insulated sidewalls\nd an uppermost epitaxial layer having an exposed top surface; 

\ ^ 

doping the uf|permost epitaxial layer with a Conductivity enhancing dopant by ion 

implantation; and 



depositing a la^pr of an insulative material onto the uppermost epitaxial layer. 

\ 

82. The method of Claim 8 1 , wherein the uppermost epitaxial layer is doped using a 
fluorine-comprising gas selected from the group consisting of PF 3 , PF 5 , AsF 5 , and B F 3 . 
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83. A met|od of forming an elevated transistor in a semiconductive wafer processing 
comprising the^steps of: 

providing a semiconductor substrate; 
forming a Juried drain in the substrate; 
forming an ^evated gate over the buried draiji by the steps of: 
a first epitaxial layer over the buried drain; 
formin^n insulative layer over the first epitaxial layer; 



ayer to expose only a horizontal surface 

the first epitaxial layer; 
econd epitaxial layer; and 



removing^ portion of the insulative 

of t\e first epitaxial layer; 
forming a second epitaxial layer over 
forming an insmlative layer over the s 

repeating the foregoing steps to form additional overlying epitaxial layers to 



form a pillar-like structure having a desired height; each epitaxial 
layer havin™nsulated sidewalls, and the uppermost epitaxial layer 
having an exj^sed horizontaljsurface; and 
forming a source region onto me gate by forming at least one epitaxial layer over the 
uppermost epitaxial layer, while doping 



84. The method of Claim 83, wherein the step of forming the buried drain comprises 
doping an area of the substrate with an n-type dopant! 



85. The method of Claim 84, wherein the substrate is doped by ion implantation. 



86. The method of Claim 84, wherein the n-type dopant is selected from the group 
consisting of phosphine, arsine, and combinations thereof. 



87. The method of Claim 84, wherein the doped area ^f the substrate is about 50 nm to 
about 100 nm wide. 
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88. The method of Claim 83, wherein the 
doping the at least one epitaxial layer with an 



>tep of forming the source region comprises 
n-type dopant. 



89. A method of semiconductive wafer pre cessing, comprising forming an elevated 
transistor b^the steps of: 

providing a semiconductor substrate; 

forming a buried drain in the substrate; 

forming\n elevated gate over the buried drain, the gate comprising multiple 
overlying epitaxial layers in a vertical orientation with each epitaxial layer having insulative 
sidewalls; and 

forming a source region over the uppermost epitaxial layer of the gate, the source 
region comprising orre or more epitaxial layers] each layer having insulative sidewalls and 
the uppermost layer h^ing an insulated top surface. 



90. 



and 



The method of C^im 89, wherein the step of forming the elevated gate comprises 
depositing an epitakial layer above the buried drain; 
depositing a layer o\insulative material ovei 



removing a horizontal surface of the insulati 



the epitaxial layer; 
ft layer to expose the epitaxial layer; 



repeating the foregoing sjteps until the gate reaches a desired height. 



91 . The method of Claim 89, wherein the stepfof forming the source region comprises: 

forming an epitaxial layer onto an exposedlhorizontal surface of an uppermost 
epitaxial layer of the gate, while doping with a conductivity enhancing dopant. 



92. The method of Claim 91 , wherein the conductivity enhancing dopant is an-type 

I \ \ 

dopant selectedlfrom the group consisting of phosphinei, arsine, and combinations thereof 
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93. The method of Claim 89, wherein the step of forming the source region comprises: 
forming an epitaxial layer over an uppermost epitaxial layer, and doping the epitaxial 

layer of the gate with a conductivity enhancing dopant. 

94. The method of Claim 93, wherein the conductivity enhancing dopant is selected from 



the group consisting of PF3, PF5, AsFs, and 



combinations thereof. 



95. The method of Claim 89, further 
elevated gate, removing an oxide layer from 



comprising, prior to the step of forming the 
the substrate overlying the buried drain. 



thfe 



96. The method of Claim 89, wherein 
substrate comprises doping an area of the su 
ion implantation. 



step of forming the buried drain in the 
^strate with a conductivity enhancing dopant by 



97. The method of Claim 96, wherein tht 
dopant selected from the group consisting 



conductivity enhancing dopant is an n-type 
of bhosphine, arsine, and combinations thereof. 



98. The method of Claim 96, wherein the poped area of the substrate is about 50 nm to 
about 100 nm wide. 

99. The method of Claim 89, wherein a plurality of elevated transistors are formed on 
the substrate so as to define an array of transisi ors. 

100. The method of Claim 99, further comprising forming shallow trench isolation 
regions in the substrate to isolate the transistor. 

Wi-. — A transistor in a s e miconductor d e vic e , comprising: 

sourc e /drain diffusion r e gions form e d on a s e miconductive r e gion of a substrat e ; and 



MKE/7 1780 1.1 

16 

Red line version 
USSN 09/816,962 
Inventors: Ping et al. 
Claims as filed amended ( 10/01) | 




a transistor gat e form e d on th e somiconductivo region b e tw ee n th e sourc e /drain 
diffusion r e gions, th e transistor gat e e xtending in a v e rtical ori e ntation from th e substrat e , 
th e transistor gat e comprising at l e ast two ov e rlying lay e rs of e pitaxially grown silicon, e ach 
e pitaxial lay e r having insulated sid e walls, and an insulat e d top surfac e . 

4-02. — Th e transistor of Claim 101, wh e r e in th e sourc e /drain diffusion r e gions ar e e l e vat e d 
and e xt e nd in a vertical ori e ntation from the substrat e surfac e adjac e nt to th e transistor gat e . 

403^ — Th e transistor of Claim 102, wh e r e in e ach of th e sourc e /drain diffusion r e gions 
compris e at l e ast two ov e rlying lay e rs of e pitaxially grown silicon, e ach epitaxial lay e r 
having insulat e d sid e walls, and an insulat e d top surfac e . 

4-04. — Th e transistor of Claim 103, wh e r e in th e sourc e /drain diffusion r e gions compris e an 
upp e rmost e pitaxial lay e r comprising a conductivity e nhancing dopant. 

405^ — Th e transistor of Claim 103, wh e r e in e ach of th e e pitaxial layers of th e sourc e /drain 
diffusion r e gions compris e a conductivity e nhancing dopant. 

4-0& — Th e transistor of Claim 101, wh e r e in e ach e pitaxial lay e r compris e s a fac e t e d top 
surfac e . 

407; — Th e transistor of Claim 101, wh e r e in e ach e pitaxial lay e r has a thickn e ss of about 50 
to about 200 nm. 

-J-0& — Th e transistor of Claim 101, wh e r e in th e transistor is isolat e d within th e substrat e by 
at l e ast on e di e l e ctric isolation r e gion form e d in th e substrat e adjac e nt th e r e to. 

4-0^ — Th e m e thod of Claim 108, wherein th e at l e ast on e di e l e ctric isolation r e gion is a 
shallow tr e nch isolation r e gion comprising an oxid e . 
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44& — A transistor in a semiconductor d e vic e , comprising: 

a transistor gat e form e d on a s e miconductiv e r e gion of substrat e ; and 
e l e vat e d sourc e /drain diffusion r e gions form e d on th e s e miconductiv e r e gion 

adjac e nt to th e transistor gat e , and e xt e nding in a v e rtical plan e from th e substrat e ; 

e ach of th e sourc e /drain diffusion r e gions cov e red by a lay e r of insulativ e mat e rial 

and comprising at l e ast two ov e rlying lay e rs of e pitaxially grown silicon. 

44-k — Th e transistor of Claim 110, wh e r e in th e sourc e /drain diffusion r e gions compris e an 
upp e rmost e pitaxial lay e r comprising a conductivity e nhancing dopant. 

44i — Th e transistor of Claim 110, wh e r e in at l e ast on e of th e e pitaxial lay e rs of th e 
sourc e /drain diffusion r e gions compris e a conductivity e nhancing dopant. 

444: — Th e transistor of Claim 112, wh e r e in at l e ast on e of th e e pitaxial lay e rs compris e s a 
conc e ntration gradi e nt of th e dopant. 

444: — Th e transistor of Claim 110, wh e r e in th e e pitaxial lay e rs compris e a fac e t e d top 
surfac e . 

444: — Th e transistor of Claim 110, wh e r e in e ach e pitaxial lay e r has a thickn e ss of about 50 
to about 200 nm. 

444: — Th e transistor of Claim 110, wh e r e in th e transistor gat e is cov e r e d by a lay e r of 
insulativ e mat e rial and compris e s at l e ast two ov e rlying lay e rs of e pitaxially grown silicon. 

44^ — A transistor in a s e miconductor d e vic e , comprising: 
a substrat e having a buri e d drain r e gion; 
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a gat e ov e rlying th e buri e d drain region, th e gate comprising multipl e , v e rtically 
ori e nted and ov e rlying e pitaxial lay e rs and a top surface, e ach e pitaxial lay e r having 
insulat e d sid e walls; 

a sourc e r e gion ov e rlying th e top surfac e of th e gat e , th e sourc e r e gion comprising an 
e pitaxial lay e r dop e d with a conductivity enhancing dopant, and cov e r e d by a layer of 
insulativ e mat e rial. 

44& — Th e transistor of Claim 117, wh e r e in e ach of th e e pitaxial lay e rs of th e gat e is about 
50 to about 200 nm thick. 

44^ — Th e transistor of Claim 117, wher e in th e e pitaxial lay e r of the source r e gion is at 
l e ast about 1 0 nm thick. 

4-2& — Th e transistor of Claim 117, wh e r e in th e e pitaxial lay e rs hav e a fac e t e d top surfac e . 

4-2-k — Th e transistor of Claim 1 17, wh e r e in th e buri e d drain compris e s an n typ e 
conductivity e nhancing dopant an n typ e s e l e ct e d from th e group consisting of phosphin e , 
arsin e , and combinations th e r e of. 

iQ3r. — Th e m e thod of Claim 117, wh e r e in th e buri e d drain r e gion is about 50 nm to about 
100 nm wid e . 
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